Introduction
The Proboscidea are widespread throughout the Americas during the Miocene to the Pleistocene (Shoshani and Tassy 1996) . Despite its wide distribution and abundance, the proboscideans disappear from the Americas, along with many other large animals, at the end of the Pleistocene (Barnosky et al. 2004) . In recent years, the debate of proboscidean extinction in the Americas has focused on trying to understand how the contributions of climatic changes and human activities interacted toward the extinction of the species. The main question is whether combining rapid climate change with increasing human use of the landscape is multiplicative, rather than simply additive, when it comes to extinction (Brook 2008) . Owen-Smith (1987 , 1999 has argued that the extinction of megamammals (more than 1,000 kg) transformed a minor extinction pulse that was affected by climate change into a major extinction cascade because megamammals (such as proboscideans) were "keystone herbivore species" that had greatly raised diversity at the patch level. With the megamammals gone, natural processes such as woody regeneration and shrub invasions of grassy glades progressed unimpeded, thus reducing carrying capacity for non-migratory grazers. Theories about species extinction rely on two different ideas (Caughley 1994 ) that consider either the factors contributing to the general decline of species before their populations become rare (the declining-species hypothesis ; Diamond 1989) , or the genetic and demographic factors promoting the extinction of small populations (the small-population hypothesis; Soulé and Wilcox 1980) .
Recently, a study on wooly mammoths (Mammuthus primigenius) suggests that the final extinction of the mammoth may have been the result of the combined effects of climate change and human impacts (Nogués-Bravo et al. 2008) . The niche and population models demonstrate that reduction in mammoth range makes populations more susceptible to extinction by hunting pressure. Humans may have applied the coup de grace, but the size of territory with a suitable climate in the mid-Holocene would have been too small to host populations of large animals able to withstand increased human hunting pressure (Nogués-Bravo et al. 2008) . To contribute to this debate, up-to-date data from South and Central America have been analyzed that could help to establish correlations between timing of extinction and of purported causes.
Diversity and dispersal of the North American proboscideans
From the early Miocene to the Pleistocene, North America received numerous immigrant proboscidean taxa from the Old World via Beringia (Shoshani and Tassy 1996) . The Late Cenozoic opening of the Bering Strait ended the separation of the Arctic and North Pacific oceans that had persisted for about 100 Ma, since the Albian period of the middle Cretaceous (Marincovich et al. 1990 ). Since Hopkins' (1967) seminal publication on the Bering Land Bridge, many geological and paleontological works concerning the Bering Strait and its adjacent areas have accumulated. The periods of a land connection of the continents during the Pliocene and early Pleistocene are thought to have been at 4.8, 3.7, 2.5, and 2 Ma based on mammalian fossils. Marine connections between the Arctic and Pacific are suggested at around 4.2-3.0, 2.5, and 2.2 Ma, based on transgressive facies of the land sections and shallow marine benthic fossils (Gibbard et al. 2010; Gladenkov et al. 1991) .
Three different families of proboscideans roamed throughout North and northern Central America during the late Pleistocene: Elephantidae, Mammutidae, and Gomphotheriidae (Arroyo-Cabrales et al. 2007; Kurten and Anderson 1980) . Elephantidae was represented by at least three species of mammoth: Mammuthus columbi that ranged from southern Canada to Costa Rica, M. primigenius that ranged from Alaska to the northern United States, and the pigmy mammoth Mammuthus exilis, known exclusively from the Channel Islands of California, USA. Mammutidae, represented by the mastodon, Mammut americanum, ranged across North America in the Pleistocene southward to Honduras, but it was most common in the eastern USA (King and Saunders 1984; Webb 1992) . Gomphotheriidae ranged throughout most of the Americas from late Miocene to the late Pleistocene and was represented by Cuvieronius oligobunis, Cuvieronius tropicus, Cuvieronius priestleyi, Stegomastodon mirificus, Stegomastodon nebrascensis, and Stegomastodon aftoniae (Fig. 1 ).
Diversity and dispersal of the South American proboscideans
The emergence of the Isthmus of Panama around 3 Ma facilitated the major biogeographic event between North and South America (Morgan 2002 (Morgan , 2005 Patterson and Pascual 1972; Simpson 1950 Simpson , 1980 Webb 1976 Webb , 1978 Webb , 1985 Webb , 1991 . Recent studies indicated that this event (called the Great American Biotic Interchange, GABI) was complex and started during the Miocene (Carlini et al. 2008a (Carlini et al. , 2008b Cione and Tonni 1995; Ortiz Jaureguizar 1997 Reguero et al. 2007; Scillato-Yané et al. 2005; Woodburne et al. 2006) . The main phase of the GABI, however, occurred from about 2.7-1.8 Ma (early Pleistocene), with laggards lasting until about 1.0 Ma (late Pleistocene). A later phase occurred from about 0.8 Ma to virtually modern times and resulted in mainly southern enrichment (Woodburne et al. 2006) .
Before the interchange, Cuvieronius, Stegomastodon (Gomphotheriidae), Mammuthus (Elephantidae), and Mammut (Mammutidae) are recorded from Florida to Honduras. Mammuthus and Mammut would have been expected to cross the Panamanian land bridge, but they did not reach South America. Although no obvious biological explanation is apparent as to why, the reason may be found in the diet and habitat preferences of these genera. Mammut have relatively low-crowned molars with zygodont crests. This dental morphology has led to the recognition of mastodons as browsers (Rivals et al. 2012; Webb et al. 1992) . Mammoths (Mammuthus) have high-crowned molars with closely spaced enamel lophs coated with cement that identifies them as grazers (Davis et al. 1985) . Isotopic and microwear analyses confirm this hypothesis (MacFadden and Cerling 1996) but also show that mammoths may have had a wider range of diets, ranging from strict grazers to mixed feeders (Pérez-Crespo et al. 2009 Rivals et al. 2012) . The gomphotheres from West Palm Beach, Florida and from the middle Pleistocene of South America have δ
13
C values that are intermediate between the isotopic values for browsers and grazers (Connin et al. 1998; Koch et al. 1998) . In general, mammoth and mastodon species are more specialized feeders than gomphotheres that were mixed feeders. Sánchez et al. (2003 Sánchez et al. ( , 2004 have proposed that the different feeding preferences among mastodons, mammoths, and gomphotheres could explain why only the bunodont forms reached South America. Their preferred habitats, however, also may have had a strong influence of their migratory pathways (Lucas and Alvarado 2010; Woodburne 2010) . Furthermore, most Pleistocene megamammals primarily are adapted to open areas. With deglaciation, open areas shrink, provoking population fragmentation and gene flow interruption. These disruptions cause loss of resistance to new diseases, environmental severities, and the emergence of genetic problems due to inbreeding (Cione et al. 2009 ).
Some members of the Gomphotheriinae crossed into South America during the GABI event. They apparently did so during the more arid glacial phase, when savanna habitats extended broadly through tropical latitudes . Cuvieronius and Stegomastodon reached South America in two independent dispersal events . Stegomastodon ranged from the early Blancan to early Irvingtonian land mammal ages. Although the genus was considered as the more specialized grazer within the American gomphotheres, it recently was redefined as a mixed feeder with tendencies toward both browsing and grazing ). This feeding habit indicated that the genus may have been adapted to warm and temperate open grasslands.
Cuvieronius dispersed across the Andean corridor, whereas Stegomastodon dispersed along the eastern and Atlantic coastal areas of the continent . Cuvieronius hyodon was geographically restricted to the Andean Region in Ecuador, Peru, Bolivia, and Chile. It inhabited an arid landscape. This species seemed to have been adapted to a cold-temperate climate, being found in the inter-tropical zones only at the highest altitudes, while in Chile it expanded to the littoral zone. The latter surely offered similar living conditions, in terms of temperature, as the Andes corridor. Stegomastodon seemed to have predominated in lower latitudes, where it occupied savannahs or xerophytic pasture areas. Consequently, it would have been better adapted to warm or temperate climatic conditions. Stegomastodon waringi was recorded in the Santa Elena peninsula in Ecuador and in Brazil and Uruguay Gutiérrez et al. 2005) . Stegomastodon platensis was recorded in the Middle to latest Pleistocene of Argentina, especially the Pampean Region, and also during the Late Pleistocene in Uruguay, Paraguay, and Chile ( Fig. 1 ).
Proboscideans and extinction dates
The overkill megafauna extinction hypothesis is supported by the synchronism of extinction with the arrival of large numbers of humans to America (Martin 1984) . Authors who doubt the role of human's hunting activities often attribute the extinctions to climatic and ecological changes, particularly to nutritional stress induced by rapid changes in plant communities (Gill et al. 2009; Graham and Lundelius 1984) . Climate may have provoked changes in floral communities and, as a result, herbivore diets were altered, causing heightened periods of competition. The mosaic nutrient hypothesis argues that climate change reduced the growing season and local plant diversities and also increased plant antiherbivore defenses, all of which reduced the carrying capacity for herbivores (Guthrie 1984) . Graham and Lundelius (1984) postulate a more general hypothesis (the co-evolutionary disequilibrium hypothesis) that the high herbivore diversity of the Pleistocene ecosystems was maintained by extensive resource partitioning, analogous to the grazing succession of modern African savannas, and that an extremely rapid glacial-interglacial transition reorganized floras, disrupting this tightly coevolved system.
Fisher (2001) has tested the mosaic nutrient hypothesis by examining annual growth increments (rings) on fossil mammoth tusks. Thick growth rings are indicative of abundant forage; narrow rings reflect food stress. His data include tusk thickness growth rates at nine sites for males and seven additional sites for females across North America. The main results show high mammoth tusk growth rates in North America from 11,300 to 10,800 BP. These results suggest that food availability was increasing in the latest Pleistocene near the time of extinction, and this evidence does not support the climate hypothesis (Fisher 2001) .
The climate change in North America involved first a short period of Younger Dryas cooling commencing approximately 11,700 BP, then interglacial warming (Haynes 2008) . Several authors (Campos et al. 2010; Gill et al. 2009) proposed that this climate change that produced a deterioration of the mammoth-steppe conditions at the end of the last glacial was a possible cause for the dramatic extinction of mammoths. Such effects may have caused problems in the permafrost regions of Alaska and Canada, but did not apply to the mammoths of the temperate area in North America. These mammoths were well distributed to the south of the ice all the way to Costa Rica (Alvarado 1986; Arroyo-Cabrales et al. 2007) . Conditions that may have caused the destruction of the mammoth steppe in cold, northern latitudes would have had a reverse effect in the temperate regions, i.e., a retreat of forests and the spread of grasslands (Agenbroad 2005) .
Recently, Ripple and Van Valkenburgh (2010) have proposed that the last proboscideans in North America primarily were predator limited and at low densities and, therefore, highly susceptible to extinction when humans were added to the predator guild (but see Haynes (2009) for other interpretations). The large predators, operating within a cascading top-down process, had help from humans that resulted in the extinctions. The top-down forcing hypothesis relies on humans favoring large prey such as proboscideans that also were preferred by large carnivores, such as sabertooth cats (e.g., Matheus et al. 2003) . When humans began taking a small proportion of the highly ranked prey, carnivores are forced to switch to lower-ranked prey (Kay 2002) . Modern large carnivores switch prey regularly in response to changes in prey availability. In general, large carnivores tend not to specialize in a single herbivore species. Instead, they take a broad range of prey, allowing them to sustain themselves through varying conditions (Sinclair et al. 2003) . Grayson (2006) suggested that one strong argument for proposing the combination effect that both increasing human population and rapid climate change intensified extinctions came from the record of Clovis sites in North America, where Clovis hunters first entered very near the time of climate rapid change. Some sites suggest an earlier human presence (e.g., Collins et al. 2008; Johnson 2007 ), but so far evidence is not forthcoming for widespread human populations in central North America (USA) before the Clovis culture (Gilbert et al. 2008) . The human-proboscidean interaction required either unambiguous association of proboscidean remains with Clovis artifacts or clear evidence of bone modification by humans (Grayson and Meltzer 2002) . Using the most moderate and problematic standard of proboscidean use, i.e., simple presence in zooarcheological assemblages, Waguespack and Surovell (2003) estimated that at least 91 individual mammoths and mastodons are known from a total of 26 Clovis sites. Using a different, more rigorous standard, Grayson and Meltzer (2002, 2003) found that only 14 sites and 15 Clovis components showed secure associations with proboscideans in the USA (Cannon and Meltzer, 2004) (but see a rebuttal of those views by Surovell and Waguespack (2009) ). Two of these contain one Mammut and 13 Mammuthus (Table 1) . Surovell and Waguespack (2008) interpreted those records as suggesting Clovis peoples seem to have exploited proboscideans with much greater frequency than in any other time and place. This situation, however, was not the case in México. With at least 271 mammoth sites, conclusive evidence of human-mammoth interactions occurred at only six sites (ArroyoCabrales et al. 2006) . Mithen (1993) postulated based on computer simulations that even a small amount of human killing could have had a significant impact on mammoth populations in the late Glacial. The simulation demonstrated that mammoth populations are extremely sensitive to predation. No amount of kill sites, however, will ever adequately prove overkill did or did not cause the extinctions.
The extinction of megafauna in South America was particularly important. This region witnessed one of the major extinction events that occurred at the end of the Pleistocene. The continent lost more genera of megafauna than any other, and most of the losses seem to have been at the end of the Pleistocene. The extinction event in South America seemed to have taken considerably longer than it did in North America (Barnosky and Lindsey 2010) . The last appearance of megafauna is distributed over the range between ca. 20,000 and 7,500 BP (Borrero 2009 ).
The late Pleistocene to Holocene transition in South America is characterized first by a rapid, pronounced cooling (similar to the Younger Dryas), then rapid warming as the Holocene interglacial begins in earnest. The analysis of megamammal diversity in the Pampean region (Prado et al. 2001 ) shows a maximum peak around 14,000 BP after which it declines. This analysis also suggests that megafaunal extinction was a process that began before human arrival and later may have been accelerated by coexistence with humans. This situation is similar to the pattern for the recent extinction rate (Ceballos et al. 2010) . Coltorti et al. (1998) Archeological research on earliest humans in South America has focused mainly on the timing of human arrival, their dispersal, and the impact this pattern had on the extinction of late Pleistocene mammals. Evidence of the association between humans and megafauna has been available since the nineteenth century (Roth 1899) and several specific studies have provided a chronological scheme that has united local sequences over part of South America (Steele and Politis 2009 ). Firm evidence indicates human presence in South America around 11,000 BP. If the date of ca. 7,500 BP for La Moderna in the Pampean region (Politis and Beukens 1990; Politis et al. 2003 ) and the ca. 13,000 BP date from Monte Verde in southern Chile (Dillehay 1997) are accepted, it appears that humans coexist with extinct megafauna for at least 5,000 years. This observation does not support overkill model of extinction. Borrero (2006) indicated that the role of the megafauna in subsistence strategies would have been marginal in South America. The socio-environmental context for the PleistoceneHolocene transition in the Pampean and Patagonian regions was characterized by small and dispersed human groups which were highly mobile and with low population densities (Miotti and Salemme 2003; Politis et al. 2004 ).
The record from South America shows that proboscideans are not abundant at archeological sites and any evidence of massive kill sites is lacking. Only six sites have proboscidean remains (Table 2) , including two sites in central and southern Chile [evidence of the association between human and megafauna (Dillehay and Collins 1988; Frassinetti and Alberdi 2005; Montané 1968 )] and one in Venezuela (Bryan et al. 1978) with Stegomastodon, taxon that extinguished at the Pleistocene-Holocene transition .
In southern Chile, pollen and charcoal records indicate local cooling beginning 13,800 BP, resulting in a vegetation change that featured expansion of cold-resistant rainforest trees until 12,500 BP (Hajdas et al. 2003; Moreno 2000) . The onset of this cold period corresponds with the last dated occurrence of Stegomastodon. The presence of Stegomastodon at this site, however, is indicative only of the last appearance of the taxon. The relationship with humans is very secondary (Borrero 2008) as humans collected the bones from defleshed carcasses; dirt found embedded in the bones was not local (Karathanasis 1997) .
In central Chile at Taguatagua, the association between humans and Stegomastodon was dated around ca. 10,000 BP (Núñez et al. 1994) . Núñez et al. (1994) postulated the existence of intermountain corridors that connected through the Andes. But Stegomastodon was neither recorded in eastern Patagonia nor in archeological sites from the Pampean region. A recent review of gomphotheres from Chile assigned material from Monte Verde to Stegomastodon Labarca and Alberdi 2011) . Dates from bones of Stegomastodon suggested that in many regions of South America, especially the Pampean region of Argentina and Uruguay (ca. 18,500 to ca. 22,200 BP), Stegomastodon already was gone when the first humans arrived in the area Gutiérrez et al. 2005; . Proboscideans seemed to have retreated first from the Andean highlands, where the group became extinct locally during the last glacial maximum (ca. 20,000-16,000 BP), surviving in refugium areas in southern Chile, Venezuela, and the Peninsula of Santa Elena in Ecuador (Coltorti et al. 1998; Ficcarelli et al. 2003) . Stegomastodon from Quebrada Cuesaca in Ecuador (Coltorti et al. 1998 ) dated to 16,670 BP. Another from an alluvial deposit on the Tapajos River, Itaituba, Brazil (Rossetti et al. 2004; Steadman et al. 2005 ) dated at 15,290 BP. For North America, the youngest date for Stegomastodon remains, collected from lake deposits in western México, dated around 28,000 BP ).
Discussion and conclusions
The hypothesis, then, is that if human impact was significant in causing extinctions by either direct or indirect effects, the last records for gomphotheres should be after humans first arrived on the continent. On the contrary, if climatic change alone drove extinction, proboscideans should disappear during the peak pronounced changes, but not necessarily coincident with first human appearance.
In North America, human presence is accepted around 11,500 BP (Meltzer 2009; Waters and Stafford 2007 ; but see Collins et al. 2008; Pitblado 2011) . The collapse of the tundra ecosystem, genetic bottlenecks, and reduced genetic diversity have a great impact on a variety of megafauna during the late Pleistocene, from horses and bison to lions and bears (Barnes et al. 2002; Barnett et al. 2009; Campos et al. 2010; Guthrie 2003; Shapiro et al. 2004) . The extinction trajectory begins in the pre-Last Glacial Maximum, well before people enter the Americas. These climatic and biological factors underpin extinction rather than hunting pressure. Bison are hunted in the late Pleistocene by Clovis peoples (Bement and Carter 2005; Ferring 2001; Frison 1982; Haynes and Huckell 2007; Johnson 1997; Johnson and Holliday 1997) , and hunting pressure increases throughout the Holocene (e.g., Bement and Buehler, 1997 ). Yet the major driving force in the changeover from the ancient to the modern form is the changing grasslands (Hill et al. 2008; Lewis et al. 2007 Lewis et al. , 2010 .
Gomphotheres range throughout much of México into the US Southwest. Very few places are known with dated Quaternary gomphotheres, and most of them are considered as paleontological localities rather than archeological sites; for example, Mexican Cuvieronius and Stegomastodon have been found in at least 13 localities where there is not confirmed evidence of human-related activity (Alberdi and Corona-M 2005; Arroyo-Cabrales and Alvarez 2003) . A small number of reliable associations between Clovis artifacts and proboscideans correspond to Mammuthus and Mammut remains. Controversial human evidence has been proposed for Valsequillo (Puebla, México) , where gomphotheres coexisted with mammoth and mastodons (Pichardo 1997) . Recent findings in northern Sonora, on more secure grounds such as the association of extinct fauna and lithics, point to a humangomphothere relationship around 11,000 BP . No human-gomphothere association is documented in the USA. Gomphotheres apparently survive until the end of the Pleistocene, but certainly those survivors were unique relict populations. Gomphothere extinction is driven more by climate and ecosystem changes than through human interactions. In South America, generally accepted dates place humans in coastal Chile and Patagonia ca. 13,000 BP, and sites no older than ca. 11,000 BP are common in other areas (Borrero 2008 (Borrero , 2009 ). Few archeological sites are known with a human-gomphothere relationship, complicating assessment of geographic patterns of gomphotheres extinction. Nevertheless, some points are worth mentioning in relictual areas in southern and central Chile, Colombia, Venezuela, and Ecuador. Stegomastodon is present for the latest Pleistocene, associated with humans at Monte Verde and Taguatagua in Chile and at Taima-Taima in Venezuela (Bryan et al. 1978; Frassinetti and Alberdi 2005) . They do not appear to have been important for human subsistence. Stegomastodon becomes extinct in the late Pleistocene, probably after humans arrived and as climate changed. In fact, more than 45 localities are considered as paleontological proxy rather than archeological sites (Table 2) .
Bone dates, however, suggest that in many regions of South America, especially the Pampean region of Argentina and Uruguay (ca. 21,000 to 18,000 BP), Stegomastodon already is gone when the first humans arrived. The presence of Stegomastodon at early Holocene sites in Ecuador and Colombia need further confirmation (Coltorti et al. 1998; Correal Urrego and Van der Hammen 2003) . Much work remains to be done on dating gomphothere extinctions in South America.
Cuvieronius is not present at archeological sites in South America. All records come from paleontological localities referred to the Late Pleistocene but without radiocarbon dates. Cuvieronius may have become extinct in the late Pleistocene, probably before humans arrived in South America. Clearly, however, radiocarbon dates are needed to test this speculation.
The reduction in range and number of gomphotheres reflects late Glacial changes in climate and vegetation. The one gomphothere people site in México and the few in South America clearly do not support hunting pressure and extinction of gomphotheres by people. People may have hunted the remaining animals and, therefore, be implicated in the final extinguishing of the taxon but were not the cause of the extinction. The process of gomphothere extinction was caused mainly by climatic and vegetational changes, and only it could have been impacted by human hunting during the period when the animal populations may have already been declining.
